The influence of heme-binding proteins in heme-catalyzed oxidations.
We show here that heme-binding proteins may enhance, decrease, or completely inhibit heme-catalyzed oxidations and that in doing so the proteins themselves may be oxidized depending upon their relative affinities for heme and the nature of their interactions with this metalloporphyrin. That release of iron from heme was not responsible for the catalytic effect is indicated by the observation that heme induced more peroxidation of rat liver microsomal lipid in the presence of H2O2 than iron and that iron release is very low under the conditions employed. Hemopexin, which binds heme with high affinity, completely inhibited heme-catalyzed lipid peroxidation at concentrations slightly higher than that of heme, suggesting a unique role for this acute phase protein in antioxidant defense mechanisms. The protein itself was not oxidized, presumably because the putative bis-histidyl heme-hemopexin complex cannot interact with H2O2. Rat and human albumin and rat glutathione S-transferases (GST), proteins with moderate affinities for heme, decreased heme-catalyzed lipid peroxidation in a dose-dependent manner but were subject to oxidation. The GST were crosslinked forming a nondisulfide covalently linked subunit dimer as well as products of higher molecular weight whereas the oxidation products of the albumins had molecular weights only slightly higher than those of the native proteins. The changes in the electrophoretic patterns of GST and albumin were accompanied by a decrease in their tryptophan fluorescence and the formation of bityrosine-like products. Proteins with lower affinities for heme, such as bovine albumin and rat liver fatty acid-binding protein (L-FABP), enhanced lipid peroxidation at all concentrations tested. While bovine albumin was modified, L-FABP was not crosslinked nor were its tyrosine residues oxidized. Thus, the susceptibility of a protein to heme-mediated oxidative damage would appear to be determined by factors such as its affinity for heme, the nature of the amino acids in the vicinity of the bound catalyst and the availability of a free coordination site on the iron.